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Talk Outline

e Why study hurricanes?

e How are research flights conducted inside the
storm?

e The ER-2 High Altitude Dropsonde (EHAD): A
new tool to investigate the inner core of
Hurricane Erin (2001)




Why We Need To Study Hurricanes




110°  105° 100° 95° 90 70° 65° 60° 55 5°West 0°East 5
~ -3 Ik : e s
NATIONAL HURRICANE CENTER g \ s L

;" ATLANTIC « CARIBBEAN + GULF OF MEXICO « HURRICANE TRACK CHART

2004

NUMBER TYPE NAME DATE
ALEX 31Jul.~6 Aug.
BONNIE 3-13 Aug.
CHARLEY 9-14 Aug.
DANIELLE 13-21 Aug.

13-15 Aug.

25 Aug.-8 Sep.
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Why We Need To Study Hurricanes

Billion Dollar Climate

and Weather Disasters
1980 - 2004

NOAA's NATIONAL CLIMATIC DATA CENTER
ASHEVILLE, NORTH CAROLINA

NUMBER OF EVENTS DISASTER NUMBER OF PERCENT NORMALIZED
TYPE EVENTS FREQUENCY  DAMAGES

1-3 Tropical Storms /Hurricanes
4-6 Non-Tropical Floods 12

7-9
10-12
13-15

PERCENT
DAMAGE

36.8%

14.1%

36.8%
3.3%
3.3%
1.6%
2.3%
1.3%
0.5%

Andrew $35 billion

Charley $14 billion
Frances $ 9 billion
Ivan $12 billion
Jeanne $ 7 billion

$ 42 billion




2004 Bad Actor: Hurricane Charley

DEZ Radar Image from Mational Weather Service: KTBW 19:35 UTC 081372004
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Radar Image from Hational Weather Service: KTBW 19:35 UTC 08/13/2004
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Outlook for Atlantic Hurricane Activity

Atlantic Major Hurricanes 1944-1996

Atlantic Multidecadal Mode
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Damage (Millions 1990 US §)
000

Hurricane deaths & damage
trends are inversely related
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Decade U. S. East-Coast Population
and
Hurricane Mortality

Decade

Population ( Millions)
Average Deaths Per Year

1900 1920 1940 1960 1980 2000
Year




The sea provides the energy...the atmosphere provides the rotation

V¥arm Ani?_malyf- develops 2) Energy liberated through condensation
v EAe ol Gl el drives deep convective clouds

3 Vortex rotation retains warm

air in upper troposphere >/

Energy acquired
1 through evaporation
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Warming and sea level pressure are related through hydrostatic balance
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2. Field Campaigns to Investigate Hurricanes ' 4

NASA ER-2
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Satellite Remote Sensors:
Hurricane CAT Scan




NASA High Altitude Research Aircraft

SOLVE

AIRBORNE SCIENCES
IN SWEDEN

January 2000
Dryden
Flight Research Center




NASA fvGCM Global Hurricane Simulations




Synergy Between Satellites & Aircraft

GOES:
Cloud Structure,




Synergy Between Satellites & Aircraft
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NASA Satellites:
TRMM
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NASA Satellites:
QuikSCAT

Wind Speed (knols)
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Advanced Microwave Sounding Unit

Hurricane Bonnie

25 August 1998
NOAA-15 Satellite

AVHRR Infrared

Height (FT x 1000)
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GOAL: Investigate the structure and
dynamics of hurricanes and factors leading
to their intensity change, from sea surface
to above cloud tops.
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__NOAA Gulfstream IV

http://www.dfrc.nasa.gov/gallery/photo/index.html

@/ NASA Dryden Flight Research Center Photo Collection
NASA Photo: EC99-45225-1  Date: October 1999  Photo by: Jim Ross

Lockheed ER-2 #809 high altitude research aircraft in flight




NASA DC-8 Flying Laboratory
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Missions Inside The Storm




NASA ER-2 High Altitude Aircraft
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XCDX EXPERIMENT

Fig. 3.

WP-3D pattern

Special instrumentation on
aircraft include lasers to
determine water vapor
concentration, cloud
particle probes to sample
ice and liquid hydrometeors,
temperature profilers,

flight level winds and
meteorological conditions.

Typical mission lasts 8 hours;
10-13 missions flown during
each CAMEX.



Coordinated Aircraft Sampling

Cloud Top




CAMEX-4 Hurricane Erin “Optimal Data Assimilation” Flight

. Water Vapor Mixing Ratio (g%g)
* High water vapor northeast of storm 0.01 0.1 1 1020
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* Mid-upper level dry region associated with
cold trough southwest of storm
* Large variation in integrated water vapor
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FSU Model Results for Hurricane Erin using CAMEX-4 LASE Data

120hr forecast track of Hurricane Erin Intensity errors (in m/s) of Hurricane Erin
IC: 12UTC 10 Sep 2001 IC: 12UTC 10Sep 2001
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DC-8 Dropsonde

Vertical Temperature, Moisture, Wind Profiles

NCAR GPS Dropsonde

the definitive atmospheric profiling tool

\n Vents fill chute within
Square-cone Paract 10 seconds after release

increases stability of dropsonde Tt

Parachute Dimensions

ff,é%’ﬂ’ 1% sides; ; Shock Cord reduces stress

16" diagonally when chute opens

Microprocessor controls the
transmitter and digitizes data

callects the data from from the sensors

GPS satellites used to calculate )
wind speed and direction { Battery pack provides power for
1 atleast one hour
Pressure sensor

Radio Transmitter sends temperature,

Humidity sensors d hurniciity, pressure, and GPS (wind)
and temperawre sensor ,7 data to the aircraft EVERY 0.5 seconds

Sonde Dimensions
Length: 16"
Diameter: 2.75" Fall Speed ranges from 36 mph
Weight: 0.86 Ibs. at 20,000 feet to 24 mph at sea level.

A drop from 20,000 feet lasts 7 minutes.







ER-2 Dropsonde Dispenser
(Attaches Beneath Fuselage)

Dropsonde
Launch Tubes
(16)

Pressurized
Electronics
Pack




Surveying the Core of Hurricane Erin
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GOES IR Image of hurricane Erin at 1932 UTC. Positions of NASA DC8 () ER2 (+)
dropsondes have been overlaid.




Mapping The 3D Temperature in Erin’s Core




3D Structure of Erin’s Eye

Center of
Dynamic
Vortex




. Dynamical Aspects of Erin’s Eye (Observed & Inferred)
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. Clouds and Tropopause

il

C. Warm Core Structure







